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[57] ABSTRACT

There is disclosed a circuit for controlling the genera-
tion of a busy signal and an acknowledge signal prop-
erly to allow fast, accurate data communication be-
tween communication systems. The circuit includes: a
Centronics interface cable for generating a strobe signal
upon receiving data from a data communication device;
a busy signal generator coupled to the Centronics inter-
face cable, for generating a busy signal in response to
the strobe signal and a busy signal generation control

62 signal; a CPU coupled so as to control the entire system,
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CIRCUIT FOR CONTROLLING GENERATION OF
AN ACKNOWLEDGE SIGNAL AND A BUSY
SIGNAL IN A CENTRONICS COMPATIBLE

PARALLEL INTERFACE 5

BACKGROUND OF THE INVENTION

This invention relates generally to a communication
control circuit in a system using a Centronics compati-
ble parallel interface. In particular, this invention relates
to a circuit for generating an acknowledge signal and a
busy signal, wherein the above two signals control
sending and receiving of the communication data be-
tween at least two communication stations.

Generally, a laser printer, for example, using a Cen-
tronics compatible parallel interface has a specific data
communication method of communicating data be-
tween communication systems, which follows basically
the regulation of the Centronics. For instance, in a con-
ventional method, when data is transmitted from an-
other data communication device, strobe signal S; out-
put from a Centronics interface cable 30 will be trans-
mitted together with the data communication signal, as
illustrated in FIG. 1. If the strobe signal Si is generated,
a busy signal S; of the logic high state will be generated
to prevent transmission of different data until the data
processing of the data transmitted currently is com-
pletely executed by a CPU 10. In this case, the busy
signal S, is applied to an interrupt terminal of the CPU
10 so as to inform the CPU 10 of incoming data. Then,
the CPU 10 starts to read in the data received from the
other data communication device and generates an ac-
knowledge signal S3 from an output port Y; thereof to
an acknowledge terminal ACK of the Centronics inter-
face cable 30 in order to send it to the other data com-
munication device so that the completion of the data
receiving may be indicated to the other data communi-
cation device.

At about the same moment, the busy signal S; of the
logic high, generated by the busy signal generator 20,
will make a transition from the logic high to low in
order to prepare for other data receiving. On the other
hand, if the CPU 10 is unable to receive the data, the
busy signal Sz must be switched to the logic high again.

For instance, if the busy signal generator 20 produces 45
the busy signal S; under the control of a first control
signal S5 which controls the generation and release of
the busy condition according to the CPU 10, then the
busy signal S; and a'second control signal S¢ generated
from the CPU 10 are provided to an OR gate G which
applies the logical result thereof to a busy terminal
BUSY of the Centronics interface cable 30. In the mean-
time, the second control signal Sgis used for generating
or releasing the busy condition according to the CPU
10.

With respect to the timing relation of the acknowl-
edge signal S3 and busy signal S; data receiving, when
considered 1n the place of the other data communication
device (a transmitter), the busy signal S; of the receiver
(in this case, the system of FIG. 1) becomes the logic 60
low state after the transmitter sends out one frame of
data. If the transmitter receives the acknowledge signal
Sigenerated from the receiver, the transmitter will be
ready to send another frame of data. It should be noted
that these operations are controlled by the CPU 10 by 65
-means of software.

As 1illustrated in FIG. 3, the system shown in FIG. 1
receives data at time point tj, reads in the data with the
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CPU 10 at time point t; and releases the busy signal
S;and generates the acknowledge signal Ss3 in sequence
at time point t3 through the output port, so that the
system informs the receiver that the system is ready to
receive more data.

If the transmitter transmits the next data at the in-
stance of time point t3, then again the CPU 10 of the
receiver 1s provided with the busy signal S; generated
by the busy signal generator 20. According to the con-
ventional method as shown in FIG. 3, however, if the
next data is transmitted from the transmitter at the time
poimnt t3 at which the busy signal S; and the acknowl-
edge signal S3 change to logic low, a predetermined
time is required for the acknowledge signal S3to change
to logic high, which may cause mis-operation of the
CPU 10 because the data processing should not be made
while the acknowledge signal S3 is still at the logic low
state.

To alleviate this problem, there is proposed a method
of delaying the busy signal S> until the acknowledge
signal S; changes to the logic high at time point t4. In
this case, however, there arises another problem that, in
some cases, the so-called hand-shaking is executed by
only the strobe signal Sjand acknowledge signal Sa.
Furthermore, when the acknowledge signal S3 is pro-
cessed in the CPU 10 by the software, the acknowledge
signal S;3 stays at the logic low state for about 10 usec
during which the CPU 10 generates only the acknowl-
edge signal S3 without processing other data. There-
fore, the system performance is deteriorated overall.

Moreover, in the event that the busy signal S; and
acknowledge signal S; are all dealt with by the software
processing as illustrated in FIGS. 3 and 4, the output
will be produced from output port Yo and output port
Y; of the CPU 10, that may cause a relatively long
execution time. Such a delay may be considered a negli-
gible amount in some cases, however when it comes to
a situation which should handle a great deal of data to
be transmitted therethrough, the system performance
will be influenced significantly.

SUMMARY OF THE INVENTION

It is accordingly an object of the present invention to
provide a circuit for controlling generation of a busy
signal and acknowledge signal properly to allow fast,
accurate data communication between the communica-
tion systems.

To achieve the above object and other features of the
present invention, an inventive circuit includes: a Cen-
tronics interface cable coupled for generating a strobe
signal upon receiving data from a data communication
device; a busy signal generator coupled electrically to
the Centronics interface cable, for generating a busy
signal in response to the strobe signal and a busy signal
generation control signal; a central processing unit cou-
pled so as to control the entire system, for generating a
received data processing completion signal in response
to the busy sigmal; an acknowledge signal generator
coupled to the Centronics interface cable, for generat-
ing an acknowledge signal in response to the state of the
received data processing completion signal; and a
counter for counting a predetermined clock responsive
to the state of the received data processing completion
signal to provide the acknowledge signal generator
with an acknowledge signal generation control signal
and provide the busy signal generator with the busy
signal.
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BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention and to
show how the same may be carried into effect, refer-
ence will now be made, by way of example, to the ac-
companying diagrammatic drawings, in which:

FIG. 1 shows a conventional Centronics compatible
interface circuit;

FIG. 2 shows an inventive Centronics compatible
interface circuit;

FIGS. 3 and 4 show waveforms of the control signals
according to the conventional Centronics compatible
interface circuit; and

FI1G. § shows waveforms of the control signals ac-
cording to the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

Referring primarily to FIG. 2, an inventive circuit,
only as a preferred embodiment, includes a CPU (Cen-
tral Processing Unit) 10 for controlling the overall sys-
tem, to which a busy signal generator 20 is coupled to
provide an interrupt terminal INT of the CPU 10 with
a busy signal S; generated therefrom. The busy signal
generator 20 generates the busy signal S; to provide
both the interrupt terminal INT of the CPU 10 and a
busy terminal BUSY of a Centronics interface cable 30
through a logic gate Gi, under the control of a strobe
signal S| produced from the Centronics interface cable
and other predetermined control signal. The Centronics
interface cable 30 is designed to generate the strobe
signal S; when data is received from the other data
communication device. In addition, an acknowledge
signal generation control circuit 100 is coupled to the
Centronics interface cable 30 to control the generation
of the acknowledge signal S3; provided to the Centron-
ics interface cable 30, under the control of the CPU 10.
A control signal from the acknowledge signal genera-
tion control circuit 100 is coupled to a clear terminal of
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the busy signal generator 20 to control the generation of 40

the busy signal S,.

With respect to the construction of the acknowledge
signal generation control circuit 100, a clock generator
60 generates a clock signal of a predetermined fre-
quency which is coupled to an input terminal of a logic
AND gate G3 which produces a logic combination with
a specific control signal from a bistable multivibrator D
flip-flop 40 in response to the data processing comple-
tion signal S31 from the CPU 10. The output of the logic
AND gate G3 1s applied to a counter 50 which counts
the output of the gate G3 to generate an acknowledge
signal generation control signal Sg and the busy release
signal Sg. Then, output of an AND gate G4 which logi-
cally combines the acknowledge signal generation con-
trol signal Sg and a reset control signal RESET, is cou-
pled to a clear terminal CLR of the D flip-flop 40 which
generates the acknowledge signal S3; synchronized
with the data processing completion signal S31. In addi-
tion, the clear terminal CLR of the busy signal genera-
tor 20 1s coupled to the output of the AND gate G
which logically combines the reset control signal
RESET with the busy release signal So.

In operation, if data is received from the other data
communication device, the strobe signal Sy is generated
to the busy signal generator 20 from the Centronics
-1nterface cable 30 at time point t7 of FIG. 5. At this
moment, the busy signal S; of logic high is generated
from the busy signal generator 20 and applied to an
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input terminal of the OR gate G and at the same time to
the interrupt terminal INT of the CPU 10, thereby
informing the other data communication device that the
system is in the data receiving state.

When the CPU 10 completes the data processing by
the interrupt signal (hereinafter, for convenience, refers
to the busy signal S; applied to the interrupt terminal
INT of the CPU 10), then the data processing comple-
tion signal S31is generated through the output port Y;
which activates the acknowledge signal generation
control circuit 100. The data processing completion
signal Sgj sets the initial value of the counter 50 to zero.
On the other hand, the D flip-flop 40 is clocked at the
rising edge of the data processing to produce the logic
high state through an inverting terminal Q thereof to
the acknowledge signal input terminal ACK of the Cen-
tronics interface cable 30. The acknowledge signal of
the logic high which is the output of the inverting ter-
minal Q of the D flip-flop 40, is changed to the logic low
state at time point tg of FIG. 5.

At this moment, the CPU 10 completes the Centron-
ics handshaking operation and gets ready for receiving
the next data. After the time point tg, since the non-
inverting output Q of the D flip-flop 40 which is applied
to an mput terminal of the AND gate G3 is at the logic
high state as shown in FIG. §, the clock output CLKout
of the clock generator 60 will be delivered to the clock
input terminal CKin of the counter 50, at which the
clock i1s counted, through the AND gate Gs.

In this embodiment, the maximum counting value of
the counter 50 is established to count up to 10 usec by
adjusting the clock generator 60. Therefore, if the
counter reaches the maximum value, the acknowledge
signal S32 is changed to the logic high state at the time
point ty;. In this case, the busy signal S; is changed to
the logic low at the time point tjg at which the counter
value 1s the half| i.e. 5 psec, of the maximum counting
value (10 usec). At this moment, the busy release signal
S¢ from the counter 50 is provided to the busy signal
generator 20 through the AND gate G», releasing the
busy state. Therefore, at the time point tj, it is possible
to receive the next data.

As stated heretofore, according to the present inven-
tion, since the CPU 10 controls the generation of the
busy signal and acknowledge signal only by the ac-
knowledge generation control signal, the system perfor-
mance can be improved. Furthermore, unlike the con-
ventional method, it is not required for the inventive
system to waste about 10 usec because the CPU 10
completes the generation of the acknowledge signal by
one-time port accessing. It is another advantage of the
present invention that even in the event that the com-
munication system using a relatively low-speed CPU is
used, stable and accurate data communication is se-
cured, because the busy signal and acknowledge signal
are generated on a hardware-basis, allocating enough
time interval.

Although specific constructions and procedures of
the invention have been illustrated and described
herein, it is not intended that the invention be limited to
the elements and constructions disclosed. One skilled in
the art will easily recognize that the particular elements
or subconstructions may be used without departing
from the scope and spirit of the invention.

What is claimed is:

1. A circuit for controlling generation of an acknowl-
edge signal and a busy signal in a Centronics compatible
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parallel interface after transmission of a block of data,
said circuit comprising:
a Centronics interface port coupled for receiving a
strobe signal from a Centronics interface;
busy signal generating means coupled electrically to
the Centronics interface port, for generating a busy
signal in response to said strobe signal and disabling
the generation of said busy signal in response to a
busy signal generation control signal;
acknowledge signal generating means coupled to said
Centronics interface port, for generating an ac-
knowledge signal in response to a state of a re-
ceived data processing completion signal to be
generated by a central processing unit, and for

disabling the generation of said acknowledge signal !°

In response to an acknowledge signal generation
control signal, said acknowledge signal generating
means comprising:
means for generating clock pulses;
completion signal receiving means for initiating
generation of said acknowledge signal in re-
sponse to said received data processing comple-
tion signal, and for terminating the generation of
sald acknowledge signal in response to said ac-
knowledge signal generation control signal; and
gating means responsive to said completion signal
receiving means, for gating said clock pulses; and
counting means for counting said clock pulses gated
by said gating means in response to the state of said
received data processing completion signal to pro-
vide said acknowledge signal generating means
with said acknowledge signal generation control
signal after providing said busy signal generating
means with said busy signal generation control
signal.
2. A circuit for controlling generation of an acknowl-
edge signal and a busy signal in a parallel interface, said
circuit comprising:

5,388,216
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flip-flop, said completion signal receiving means
comprising said flip-flop.
4. A circuit as set forth in claim 2, further comprising:
means for sending said busy release signal as a clear
signal to a clear terminal of said busy signal gener-
ating means in response to a reset signal.
S. A circuit for generating an acknowledge signal and
terminating generation of a busy signal in response to
reception of a completion signal generated by a central

10 processing unit to indicate data processing completion,
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busy signal generating means for generating said busy 40

signal in response to reception of a strobe signal
and disabling generation of .said busy signal in
response to a busy release signal;

central processing means for receiving data upon

reception of said busy signal, and for generating a
completion signal upon completion of reception
said data;

means for generating clock signals;

completion signal receiving means for generating a
control signal and said acknowledge signal in re-
sponse o reception of said completion signal, and
for terminating generation of said acknowledge
signal upon reception of an acknowledge signal
generation signal;

logic means for producing an AND logic combina-
tion of said control signal and said clock signals;
and

means for generating said busy release signal in re-
sponse to said AND logic combination subsequent
to a first predetermined time period after the gener-
ation of said completion signal, and for then gener-
ating said acknowledge signal generation signal in
response to said AND logic combination after a
second and subsequent, predetermined time period
has elapsed.

3. A circuit as set forth in claim 2, further comprising:

means for sending said acknowledge signal genera-
tion signal as a clear signal to a clear terminal of a
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said circuit comprising:
means for generating clock signals;
completion signal receiving means for generating a
control signal and said acknowledge signal in re-
sponse to reception of said completion signal, and
for disabling generation of said acknowledge signal
upon reception of an acknowledge signal genera-
tion control signal;

means for gating said clock signals with said control

signal; and

generation control means for disabling generation of

said busy signal in response to counts of said clock
signals gated by said gating means, and for then
generating said acknowledge signal generation
control signal in response to succeeding counts of
said clock signals gated by said gating means.

6. A circuit as claimed in claim §, further comprising:

means for sending said acknowledge signal genera-

tion control signal as a clear signal to a clear termi-
nal of said completion signal receiving means to
disable generation of said acknowledge signal, said
completion signal means comprising a D-type flip-
flop.

7. A circuit as claimed in claim 5, wherein said gener-
ation control means provides said acknowledge signal
generation control signal to said completion signal re-
ceiving means when a counts of said counts of said
clock signals initiated by reception of said completion
signal reaches a predetermined value, and disables gen-
eration of said busy signal when the count value of said
clock of said clock signals reaches one-half of said pre-
determined value.

8. A circuit as claimed in claim 6, further comprising:

busy signal generator means for generating said busy

signal to said central processing unit; and

‘means for sending a busy release signal generated by

said generation control means as a clear signal to a
clear terminal of said busy signal generator means
for terminating generation of said busy signal.

9. A process for controlling states of an acknowledge
signal and a busy signal in a parallel interface circuit
between a sending device and a receiving device, said
parallel interface circuit comprising a clock generating
clock pules; a completion signal receiving device for
generating a control signal and said acknowledge signal
In response to reception of a completion signal and for
disabling generation of said acknowledge signal upon
reception of an acknowledge signal generation control
signal; a gating device for gating the clock pulses with
the control signal; and a counter for counting the clock
pulses gated by the gating device for disabling genera-
tion of said busy signmal subsequently generating said
acknowledge signal generation control signal, said pro-
cess comprising the steps of:

changing a logic state of said busy signal from a first

state to a second state in response to reception of a
strobe signal generated by said sending device for
indicating transmission of data;
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enabling said sending device to generate said comple-
tion signal upon completion of reception and pro-
cessing of data by said receiving device;
resetting said counter for making count of said clock
pulses in response to said completion signal;

changing a logic state of said acknowledge signal
generated from said completion signal receiving
device from a first state to a second state upon
reception of said completion signal;

changing the logic state of said busy signal from the

second state to the first state when a counter value
of said counter reaches one-half of a predetermined
counting value; and

changing the logic state of said acknowledge signal

from the second state to the first state when the
counter value of said counter reaches said predeter-
mined counting value.

10. A process as set forth in claim 9, wherein said
maximum counting value is a set value.

11. A process as set forth in claim 10, wherein said
maximum counting value is 10 usec.

12. A circuit as claimed in claim 1, wherein said com-
pletion signal receiving means comprises a D-type flip-
flop.

13.- A circuit for controlling generation of an ac-
knowledge signal and a busy signal in a parallel inter-
face after transmission of blocks of data, said circuit
comprising:

busy signal generating means for generating a busy

signal to be received by a data sending device in
response to a strobe signal generated by said send-
Ing device for indicating data transmission to a data
recerving device, and for disabling the generation
of said busy signal in response to a busy signal
generation control signal;

acknowledge signal generating means for generating

an acknowledge signal to be received by said data
sending device in response to a received data pro-
- cessing completion signal generated by said data
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receiving device to indicate reception of ones of 40

said blocks of data, and for disabling the generation
of said acknowledge signal in response to an ac-
knowledge signal generation control signal gener-
ated a second predetermined time period after said
received data processing completion signal, said
acknowledge signal generating means comprising a
bistable muitivibrator configured to generate said
acknowledge ,signal received by said data sending

435

device at a non-inverted output and coupled to

receive said data processing completion signal at a
clock terminal, for generating said acknowledge
signal for gating clock pluses at an inverted output;
and

timing means for generating said busy signal genera-

tion control signal a first predetermined time per-
10d after reception of said data processing comple-
tion signal and prior to generating said acknowl-
edge signal generation control signal, said timing
means comprising a counter configured to be reset
in response to said data processing completion
signal, for counting said clock pulses gated by said
acknowledge signal.

14. A circuit as claim in claim 13, wherein said paral-
lel interface comprises a Centronics compatible type
interface.

15. A circuit as claim in claim 13, wherein said second
predetermined time period is approximately twice as
long as said first predetermined time period.
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16. A circuit as claim in claim 15, wherein said second
predetermined time period is approximately ten micro-
seconds.

17. A circutt as claim in claim 5, wherein said comple-
tion signal receiving means comprises a D-type flip-
flop.

18. A circuit for controlling generation of an ac-
knowledge signal and a busy signal in a parallel inter-
face after transmission of blocks of data, said circuit
comprising;:

busy signal generating means for generating a busy

signal to be received by a data sending device in
response to a strobe signal generated by said send-
ing device for indicating data transmission to a data
receiving device, and for disabling the generation
of said busy signal a first predetermined time per-
10d after receipt of a received data processing com-
pletion signal generated by a data receiving device
to indicate completion of processing of a most
recently received one of said blocks of data; and
acknowledge signal generating means for generating
an acknowledge signal to be received by said data
sending device indicating receipt of data by said
data recelving device, and for disabling the genera-
tion of said acknowledge signal a second predeter-
mined time period after the generation of said busy
signal is disabled, said acknowledge signal generat-
Ing means comprising:
means for generating a clock signal;
flip-flop means for generating a control signal and
said acknowledge signal in response to reception
of said received data processing completion sig-
nal generated by said data receiving device and
for disabling generation of said acknowledge
signal upon reception of an acknowledge signal
generation control signal;
gating means for gating the clock signal with the
control signal; and
counter means for enabling said busy signal gener-
ating means to disable generation of said busy
signal 1n response to counts of the clock signal
gated by said gating means and generating said
acknowledge signal generation control signal in
response to succeeding counts of the clock signal
gated by said gating means.

19. A circuit as claim in claim 18, wherein said second
predetermined time period is approximately equal to
said first predetermined time period.

20. A circuit as claim in claim 18, wherein said first
predetermined time period is approximately five micro-
seconds. .

21. A circuit as claim in claim 20, wherein said first
predetermined time period is approximately five micro-
seconds. |

22. A circuit for controlling generation of an ac-
knowledge signal and a busy signal in a parallel inter-
face after transmission of blocks of data from a sending
device to a central processing unit, said circuit compris-
ing:

busy signal generating means for generating a busy

signal to be received by said data sending device in
response to a strobe signal generated by said send-
ing device for indicating data transmission to said
central processing unit, and for disabling the gener-
ation of said busy signal in response to a busy re-
Jease signal;

acknowledge signal generating means for generating

an acknowledge signal to be received by said data
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sending device in response to a received data pro- sald processing device, and for disabling generation
cessing completion signal generated by said central of said busy signal in response to a release signal;
processing unit to indicate reception and comple- means for generating clock pulses; .
tion of processing of a most recently received one thp-flop means for generating said acknowledge sig-
5 nal to be received by said data sending device in

of said blocks of data, and for disabling the genera-
tion of said acknowledge signal in response to an
acknowledge signal generation control signal;

a clock generator for generating clock pulses; and

response to reception of a data processing comple-
tion signal generated by said processing device
indicative of reception and processing completion
of received data from said data sending device, and

4 counter. for mnitiating a count of said clock pulses to for disabling the generation of said acknowledge
determine a first predetermined time period and a signal in response to reception of an acknowledge
second predetermined time period, longer than said control signal; and
first predetermined time period, from said received counter means for making a count of said clock pulses
data processing completion signal, for generating In response to reception of said data processing
said busy release signal at said first predetermined 15 completion signal, for generating said release signal
time period, and for generating said acknowledge when a counted value of said count of said clock
signal generation control signal at said second pre- pulses reaches a first predetermined value and for

generating said acknowledge control signal when
the counted value of said count of said clock pulses
20 reaches a second predetermined value subsequent
to said first predetermined value.
24. A circuit as set forth in claim 3, further compris-
ing:

determined time period.

23. A circuit for controlling generation of an ac-
knowledge signal and a busy signal in a parallel inter-
face after transmission of data from a data sending de-
vice to a processing device, said circuit comprising:

bus:y signal genera.ting means for generiating a'bus:y means for sending said busy release signal as a clear

signal to be received by said data sending device in 25 signal to a clear terminal of said busy signal gener-
response to a strobe signal generated by said data ating means in response to a reset signal.
sending device for indicating data transmission to *EOF o* %
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UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENTNO. : 5,388,216 Page 1 of 2

DATED . Feb. 7, 1995
INVENTOR(S) : Su-Whan Oh

It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby
corrected as shown below:

Column 1, line 31, after "read”, delete "1n";
line 42, after "data”, delete "receiving’;
linc 57, after "S,", insert ——after—-;
line 63. after "S;", inscrt a spacc:.
Column 2, line 1, after “t,”, insert a comma:
line 2, after "S,", inscrt a spacc;

Column 3, linc 47, after "multivibrator”, delete "D flip-flop”;

Column 4, line 12, after "signal”, change "Sg," to =S
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. @ 5,388,216 Page 2 of Z

DATED . Feb. 7,

1995

INVENTOR(S) : Su-Whan Oh

It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby

corrected as shown below:

Column 5, line 46.

Column 0, line 32,
line 37,
line 41,
line 53,
line 54,

Column 7, linc 4,

line 48,

IN THE CLAIMS

after "reception”, mnsert ~—of--—;

after "signal”, insert —-receiving—-;

after " a ", change "counts” to ——count value—-;
in the beginning, change "clock"” to —~counts—-;
after "clock”, insert ——generator for—-;

after "clock"”, change "pules” to ——pulses—-;
aftcr "making”, inscert —— a ——;

after "acknowledge”, delete a comma:

Signed and Sealed this
Thirteenth Day of August, 1996

BRUCE LEHMAN

Attesting Officer Commissioner of Parents and Trademarks



	Front Page
	Drawings
	Specification
	Claims
	Corrections/Annotated Pages

